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ABSTRACT 


Preftbock  &lr>tca3>ez«ture  neMuroMiits  in  the  rlclnity  of  a  nuc« 
lear  detonatloD  are  reportad.  Although  no  data  vere  ohtalnad  for 
close-in  statloas  over  vater,  asphalt,  and  desert,  soaewhat  interest¬ 
ing  hut  unusual  results  were  ohtaij^  for  stations  of  siaulated 
terrain  such  as  plots  of  iry  plants,  fir  houghs,  vood,  axul  concrete. 
The  aaxisns  air  teev*enitures  shore  rahient  vere  found  to  he  in 
excess  of  i,500<>C  cmr  all  plots.  Purtherwore,  an  increase  in  aaxi- 
auB  air  tenperatures  vlth  eleratlcxi  ms  found  orer  all  plots.  Results 
of  supporting  high  speed  photugraphic  coverage  and  gas  analysis  of 
air  above  irradiated  plots  are  reported.  An  attenpt  to  explain  the 
results  is  given  despite  the  lack  of  sufficient  data. 
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FOREWORD 

Thia  report  psaaente  tb«  final  rMulta  of  ooo  of  tb«  56  projeota  ooq3ri»- 
ln£  the  Military  Sffoota  Frctpriui  of  vjperatlon  Taapot,  tihlob  Inoludtd  14 
t«at  detoiAtlooj  at  th«  Nevada  Teat  Site  In  1955* 

for  overall  Tei^t  ■HitarT-effeota  infonsation,  the  reader  la  re¬ 
ferred  to  "Summry  Report  of  t^.J  Teobnioal  DlreotOT.  Military  Effect  a 
Prograa»*  WT-1153»  vbloh  ix^ludea  the  foUovlngt  (1;  a  deaoriptlon  of 
eaoh  detonation  looludlng  yl*li»  sero-polnt  envlroaaMatf  type  of  devloe, 
aablent  ataoapherio  ooodltlona,  etc.;  (2)  a  dlaotiaalon  of  project  reaultaj 
D)  a  aiMMry  of  the  objectlvea  aiad  reaulta  of  eaoh  project;  and  (4)  a 
Hating  of  project  reporta  for  the  Mllltax7  Sffeota  Progroa* 


PREFACE 


The  help  of  the  following  It  gratefully  acJcnowl edged: 

R.  W.  Hlllendahl,  F.  I.  LaughrtdgC;^  J.  R-  Nichole,  AFC,  USN,  and 
A.  L.  Greig  who  contributed  In  a  major  the  planning  and 

Inetallation  of  the  teet  statione;  S.  B.  Martin  and  C.  P.  Butler 
who  provided  aaich  of  the  help  In  aaeeahly  and  callbzatlac  of  the 
HlVats;  F.  Sauer  and  S.  Sceea  for  easy  hi^ful  dlecueaicce;  ltd 
W,  B.  Plvai,  Project  Officer,  who  wae  a  eo;«x:e  of  cooeteat  encourage- 
aent. 
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feeNriDCNTIAT"' 


Chopter  I 

INTRODUCTION 

1.1  OBJECTIVE 


This  project  was  to  obtain  air-teinperature  dataj  its  tssiporal 
history,  and  spatial  distribution  over  slxauxated  and  natural  grcaind 
coverings  in  the  vicinity  of  a  nuclear  detonation  prior  to  shock 
arrival.  These  measuremente  were  then  to  be  correlated  vlth  sound- 
velocity  and  air-blast  measurements  to  provide  some  Insight  as  to  the 
origin  and  the  mechanlan  of  the  formation  or  a  precursor,  in  view  of 
the  suspected  lffli.-ortance  of  the  latter  in  causing  anomalous  air 
blasts  associated  vlth  shock  arrival.  From  a  military  tacticsd  -uid 
operational  vlevpoin'*’,  it  is  important  that  a  better  xinderstanding  of 
the  prec\irsor  be  obtained,  in  order  to  provide  a  realistic  basis 
for  predicting  the  effects  of  nuclear  detonations. 


1.2  BACfCGROUND  AND  HISTCRY 


Under  certain  conditions  In  nuclear  detonations,  a  precirsor 
press'.ure  wave  is  formed  which  develops  prior  to  shock  airlval  and 
considerably  modifies  the  Intensity  of  the  eiir  blast.  Also,  e 
layer  of  very  highly  heated  air  forme  above  the  p,roi  id  prior  tc 
shock  arrival  which  has  been  joelated  to  the  formation  of  the  precursor 
The  first  moat  extensive  sir- temperature  measurements  prior  to  snock 
arrival  la  the  vicinity  of  nuclear  detonations  wex*e  made  ''n  Operatic*! 
Tuabler  (Reference  i).  Ihcse  were  oiade  in  c  on  Junction  with  air-blast 
measurements  in  order  to  establish  any  correlation  vtdch  may  exist 
between  these  parameters.  Fine-wire  aspirated  thennoccmplee  and 
resistance  thercocxneters,  as  well  as  sonic -velCK'ity  methods,  were  used, 
all  being  mounted  at  various  heights  on  ^^-font  towers.  The  latter 
was  stationed  at  several  distances  frcw‘.  ground  zero.  In  general, 
extremely  high  tenperatures  were  obtaineu  (ir  some  cases  in  excess  of 
1,OOOOC)  for  the  air  Just  above  ground  level  up  to  a  height  of  a  few 
feet,  furthermore,  the  air  terpvexature  decreased  rapidly  with 
height,  with  the  result  that  above  10  feet  the  temperature  Increase 
above  ambient  was  relatively  srali.  The  ob3ei~/ed  heated  layer  of  air 
Euey  wc.il  provide  one  of  the  necessary  conditiosis  for  the  develcfsaeat 
of  the  precursor.  Although  no  definite  ccmcluslon  could  be  saaie  about 
the  mecbaciSBs  of  fonnatlc;!  of  the  heated  ,ayer  of  air,  It  was  the 
opinion  that  much  of  the  heating  was  due  to  rapid  cocivectl/e  heat 
transfer  between  preabock  dust  said  the  turbulent  air  (Reference  2). 

One  of  the  conditions  important  to  the  fomatiori  of  the  heated 
layer  of  air  Is  the  nature  i  nd  characteristics  of  the  undi^rlytng 
terrain  in  the  vicinity  of  a  nuclear  detonation.  It  Is  cltar  that 
the  Latter  would  be  Important,  especially  if  it  played  a  na^jor  role 
In  coDtroiilng  the  beat -transport  aeciauiisBi.  For  example,  preshock 


sonic  velocity  meainureaients  (Reference  3)  n»dc  by  the  Havssd  ’Electronics 
L&boi^tory  {!^)  over  an  area  covered  by  fir  bou^s  appeared  to  give 
ancm3-0u»iy  high  results  in  Operation  Upshot'' Kaothoi®*  Furt>**xwre, 
in  the  Ijibcsratory  at  the  Saval  Bfsdiological  iAsfense  Laboratoi^  (NRtE.), 
ths  IrT-tdiatlon  of  organic  sauries  with  a  simulftted  pui.^  of  t'fjenael 
p&dictioa  remil.t'*:!  in  very-fine,  high-speed  flaaing  jets  arising 
over  the  irrr  Hinted  surface.  It  is  thus  possible  to  attribute  nuch 
of  the  observed  beating  of  the  air  In  the  field  to  a  process  such  as 
that  observed  in  the  laboratoiy^  for  cciaparably  irradiated  surfaces. 

In  Tiev  of  poBf^bie  lagjortance  of  the  nature  of  terrain  in 
precrorsor  furm-^tion,  air  tej^rature  measurement®  over  a  variety  of 
siarulated  terrajns  \«juld  be  highly  desirable.  Such  meaaureasents 
these  sbo-'ud,  then  be  correlated  with  those  of  air  blast.  It  would 
be  alsci  ^^^pful  to  delerjalne  the  nature  tad  aiaouat  of  gaseous 
erasaatiourt  a-'^lsirig  fTv  j  tf  i:.radiat«d  plot#  of  siffiuiated  terTtla. 


ChGpfer  2 


INSTRUMENTATION 


2,1  BASIC  C(»fSIISgRATlC»fS 

15s«re  have  nuaber  of  iiir  “and  g&a-t«aper«itaAr«  acamtriog 

tc-'chn^que*  deveioi»eKi.  soae  of  vhich  are  des  -rribed  ia  Refersr  ;»  4. 

^6l  of  these  devices  were  deslgaed  for  taaperature  »e*«urcffl«ntB  of 
gacea  at  conetAat  or  relatively  83.ow-c>iaDging  tmgperatJire® .  For  the 
s?e««?.,rege!ii  of  preshock  air  temperatures  in  the  viciuity  of  nuclear 
detomtions.  certain  stx-iiagent  requireweats  aazat  be  sset  In  seriecting 
and  d^stgJiiag  air-- temperature  measuring  dev  leer.  ISius.  it  i»  ^ssirsdsle 
to  u«*.'  instrosaent  with  a  tiase  constauat  of  tiie  ortljr  of  50  a««c  or 
ii»a6,  with  an  adsiquate  sensitivity  over  a  vide  range  La  temperature 
(a»r.i«ijit  to  nlycxxt  2.000®C).  and  of  simple  diseign  rugged.  eea^Jigh 
vlthst&iid  rou.gh  hs^dlir.ig  in  field  installation*. 

'Sic  selection  of  the  method  of  measuring  air  teraperatuia  tras; 
thersfore.  baaed  on  the  above  coaside  rat  ic»ns  as  well  as  on  the 
experience  gained  with  that  used  in  Operation  'Ttaiibie’i ;  na«»ly, 
aspirate  fine-wire  thennocofiples  (generally  called  high-velocity 
themocouple  cr  HiVat).  Although  in  principle  tht  design  chosen 
was  siallar  to  that  used  previoiiely,  a  cmaber  of  oodifications  were 
awde  ae  vill  be  described  below. 


2.C’  HIV.AT  AND  ASSOCIATED  EQUIPMBWT 


!nse  final  design  of  the  EiVat  is  shown  la  Flgiire  2.1,  which 
consisted  of  the  following  coaponente.  A  l-»il  diasoster  Pt  -  Pt 
FSiQ  therffloco’.ple.  T,  was  used,  the  Junction  being  placed  on  tiSd'^ 
axis  of  pyrex  glass  tubes  I  and  0,  the  air  Inlet  and  outlet  tubj?6 
respectively.  Tube  I  consisted  of  a  piece  of  S-am  cs.*.i#ide  dlasiK^ter 
and  l-am  thick-waJJL  pyres  glass  tubing  fused  on  to  that  of  «  6-s»i 
ositsido  dtaaaeter  and  I-ibb  thick-vall  t^ibc,  the  overall  length  beim^ 
about  1  3/4  inches.  Tube  0  was  the  a  me  as  the  latter  half,  being 
about  7/0  inches  long.  IherMCtsaple  T  was  aourt^jd  on  a  very  thin 
d^sk  of  mire,  M,  1  l/4  inches  in  diaaKter,  utoicb  had  a  hole  cut  cx,'t 
at  its  center  i*bout  3/l6  inch  dlaaneter  •and  held  in  place  (with  th® 
thermocouple  Junction  centered  in  the  hole )  by  neemt;  of  a  onall 
anoont  of  c«B»nt,  The  Pt  wire  of  the  couple  was  cfsaented  on  one 
face  of  the  mica  disk  while  the  ^o.9'.?^0,10  cemented  on  the 

opposite  face.  Thus,  electric  a  '“'intact  of  each  wire  was  made  with 
brass  cylinders  and  Cg  '  ^'"•“-to-face  against  the  mica 

disk  as  shown,  af^'the  same  tlijn;  i  .  .  .  electrically  insulating 


C-!  frofti  C 


2- 


3&cmm  Qf  the  /?elat. 


ge  masses  of  and  C2; 


tljcy  both  served  as  cold,  or  reference,  Junctioa  for  the  thermo¬ 
couple.  Tubes  X  and  0  were  inserted  In  the  l/4-inch  diameter  holes 


% 


dillled  throu^  the  axes  of  and  C2  J^spectively,  tube  I  being 
held  in  place  vlth  an  asbestos  padding,  A,  and  0  with  seal  ^g  wax^  W, 
Screws  S^  and  served  not  only  to  rigidly  hold  C,  and  Cg  together 
but  also  as  binding  posts  for  making  collections  to  the  external 


Figure  2.1 


*■»  MJ*/. 


lentf  of  Hi  Vat  and  Hi  Vat  Mount. 


circuit.  Fiber  vmsherswere  used  to  Insulate  and  82  fxon  Cn  and 
C2t  respectively.  Note  that  C2  !•  threaded  for  making  connections 
with  IK:  fittings  leading  to  the  aspirating  ^sten^ 

The  HlVat  is  thus  mounted  In  an  aluminum  holder  H  and  held  In 
place  by  the  fiber  bushings  and  B2  and  screws  and  S|^.  The 
dlsjneter  of  H  tsss  such  that  It  could  easily  fit  Into  a  2-lnch  pipe. 
The  HlVats  were  removed  from  the  bolder  when  tested  and  callbxmted  in 
the  labcratoiy. 

The  IhoU  Ft  -  P^),90®*l,i0  fabricated  In  the 

laboratory  by  cax'efuUy*  hiding  the  ends  of  the  two  wires  using  a 
amall  oxygen  blowpipe  burner,  llie  performance  of  these  thenaocouples 


was  ccsapared  to  that  parcl]a6e<l  from  Baktr  aiid  Coe^pwt)^,  Inc.  They 
were  found  to  give  an  alasost  identical  ta^rature-vernma-aillivolt 
output  relationship. 


2.3  CALIBRATIta*  OF  HIVAT 

la  order  to  deteisalne  the  reproducibility  and  accuracy  of  the 
Hi  Vat,  the  following  experiments  were  carried  out  in  the  laboratory. 
The  results  of  these  experlsents  therefore  provided  ImmIs  of  any 
corrections  which  should  be  ai^lied  to  the  measured  taoperatures  in 
the  field.  In  all  these  laboratory  experims^ts,  a  Lindbexg  nsiffle 
furnace  was  used  as  the  source  of  heated  air.  In  saspling  the  latter 
froB  the  oven,  it  was  extremely  ixsportant  that  none  of  the  colder 
ambient  air  outside  the  fUmace  be  entrained.  The  heated  air  \ai>s 
thus  drawn  through  the  MVat  by  means  of  a  ccopressed  air  ai^irator, 
the  saa^ling  being  c«itrolled  by  an  on«off  solenoid  'valve.  A  hollow 
transite  cylinder,  inserted  and  sealed  in  a  maall  port  in  the  furnace, 
provided  a  convenient  means  for  saa^ling  the  heated  air.  Thus,  a 
l-»mll  Pt  -  ^.90^0.10  placed  inside  the  transite 

cylinder  so  t&t  its"  Junction  was  about  l/d  inch  fron  the  inlet  exid. 


P.gux«  2.2  Rsiv<>QMi  Of  HiVst  aa  rhnetlon  of  Hov 
at  Various  Air  TMperatures. 
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I,  of  the  Hi Vat.  The  thermocouple  response  was  measured  by  means  of 
a  Brown  recorder. 

Inasmuch  as  the  performance  of  the  HI Vat  ie  determined  to  a  large 
extent  by  the  effective  convective  heat  transfer  between  the  heated 
air  and  thermocouple,  the  response  of  the  HiVat  was  measured  as  a 
function  of  air  velocity  or  flow  rate.  The  results  are  shown  in 
Figure  2.2.  Evidently,  the  HiVat  response  was  independent  of  flow 
rate  above  0-5  to  0.6  ft3/min.  Therefore,  it  was  decided  to  use 
flow  rates  between  0.6  and  0.7  ft^/min  in  all  experiments  and  in  the 
field  measurements. 

In  order  to  determine  the  degree  of  precision  required  in 
centering  the  Junction  of  the  thermocouple  in  the  HiVat,  the  air 
temperature  profile  wm  obtained  by  measuring  the  teisperature  at 
various  points  along  two  perpendicular  diameters  of  the  circular 
cross  section  of  the  stream  of  air  in  the  region  of  the  HiVat 
thermocouple.  Although  these  measursments  could  not  be  made  with 
precision,  the  results  obtained  appeared  to  be  reasoa^usbly  indicative, 
as  shcrim  in  Figure  2.3*  It  is  to  be  noted  that  the  tea^erature 
profile  vas  syaraetric  and  fairly  flat  near  the  center  of  the  strasga. 


Figure  a. 3  taperature  profile  along  a  dUnater 
of  lidr  atrem  passing  thexnocoupla  in  HiVat. 
(hrlgin  of  abscissa  ropresants  e«iter  of  air 
atresB.  Temperature  profile  along  a  disaeter 
perpendicular  to  the  above  gives  Identical 
curve,  hence  profile  synnetrlc  about  origin. 
Air  teaperature  at  center  about  ^lO^C. 

MM 

Itaua,  it  was  assumed  that  the  air  tenperature  in  the  moving  stream 
was  sensibly  constant  within  a  region  at  least  1  no  in  diameter 
about  the  center  of  the  stream. 

Although  it  was  found  that  the  reqponae  of  the  laboratory-fabri- 
cated  thezmocouples  was  the  same  as  calibrated  standard  Pt  •  Pig  ^ 
^•10  bbezaocouples,  it  was  felt  that  a  further  check  on  the  cali¬ 
bration  would  be  desinhle.  This  was  accosplished  by  deteniining  the 
meltixig  point  of  IhuU  diameter  aluminum  and  gold  wlrea  with  the 
HlVats.  Thus,  one  of  these  wlrea  was  mounted  in  the  HiVat  parallel 
to  the  thexmocouple  and  close  enough  so  that  both  were  within  the 
region  of  constant  teaperature  in  the  center  of  the  air  flow,  nmm, 
by  increasing  the  air  tempexature,  which  was  measured  by  the  HiVat, 
the  point  at  iddoh  the  alxiainua  or  gold  wire  melted  was  noted.  The 
results  are  shown  in  Thble  2.1. 

The  agreement  between  the  accepted  melting  points  and  those 
measured  in  this  experiment  is  remarkably  good.  In  fact,  the 
deviation  from  the  acc^ed  melting  point  for  both  aluninua  and 
gold  can  be  reasonably  accounted  for  by  calculating  the  heat 
conduction  loaaea  (assuming  xadlation  losses  anil)  along  tha  vires 
(Reference  ;>)• 

To  obtaLa  some  measure  of  the  response  time  of  the  HiVat  to  a 
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sudd«sn  increase  tn  sir  te!E5)eratuz\*  froa  eiableEt  to  alKTut  i,000®c,  a 
Eeilaad  OsclUogzt^hlc  {Reorder  (l^rpc  B  galvanometers)  me  used.  It 
me  found  that  a  conservativt  estimate  of  the  retq^se  tlae  ms  nose- 
thing  less  than  50  osec.  Sovever,  it  was  felt  that  this  me  probably 
the  req^ae  time  of  the  solenoid  valve  used  to  control  the  sudden 
input  of  heated  air  into  the  HiVat  and  that  the  thermocouple  Tuiq>0Qi« 
time  ms  appreciably  better  than  tide.  Ihifortunately,  there  ma  no 
my  of  deteminlng  the  re^ponae  time  to  sudden  decreases  in  air 
teioperature,  but  It  ms  assumed  that  this  should  not  be  very  different 
from  that  of  sudden  Increases  in  teiaperature. 

The  thexnocouple  ms  located  downstream  (Figure  2.1)  about  1  3/4 
inches  from  the  i^int  at  which  air  enters  the  EiVat.  A  Isui^e  mimtMtr 
of  experiments  were  carried  out  to  ascertain  how  such  the  air  ms 
cooled  in  passing  between  these  two  points.  The  air  temperature  was 
measured  before  entering  the  EiVat  %r.lth  the  therBocoupi.e  placed  inside 
of  the  translte  tube  (see  above)  thrr.iugh  which  the  air  ms  sampled. 

The  difference  between  this  temperature  and  that  meajured  by  the  RiVtt 
then  gave  the  cooling  experienced  by  the  ait^.  To  obtain  reproducible 
results  it  was  extremely  important  to  prevent  entxainment  of  ehe 
colder  ambient  air.  It  ms  found  that  for  air  teiqperatures  up  to 
about  IfOCXPc,  the  apparent  temperature  drqp  ranged  from  about  0  to  7 


?Aui  2.1  Ruum  or  NBunm  pour  nuautmtam  usna  hvmw 
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percent,  although  by  far,  most  of  the  results  gave  1  to  4  percent 
cooling.  It  Is  believed  that  much  of  this  apparent  cooling  ms  due 
to  inability  to  cosgaletely  eliminate  entrainment  of  cold  ambient  air. 

An  aversgf;!  value  of  about  two  percent  ms  applied  as  the  cooling 
correctio:!  for  all  HiVat s  in  subsequent  field  use. 

In  almost  all  the  experiments  relating  to  the  calibration  of  the 
HiVats,  the  Brown  reorder  was  uaed;  in  all  fi&ld  measurcsents,  the 
Heiland  OBclll<^rif^hic  recorder  was  used,  limunuch  as  the  latter 
is  a  current-measuring  device,  any  change  in  resistance  of  tbs  thermo¬ 
couple  vires  necessarily  implied  a  change  in  response  and,  therefore, 
sensitivity.  Thus,  a  series  of  experiments  were  carried  out  to  deter¬ 
mine  the  change  in  sensitivity  as  a  functiou  of  temperature  using  the 
Heiland  recorder.  It  ms  found  that  the  measured  change  in  eensitivity 
compared  very  well  with  that  calculated  for  the  circuits  uetd.  There¬ 
fore,  all  field  measurements  were  corrected  for  the  coiid>lDed  effects 
of  cooling  and  change  in  sensitivity.  DepezMilng  oq  the  circuits 
used,  the  latter  correction  amounted  to  almost  10  percent  for  the 
highest  temperatures  obtained.  It  may  be  conservatively  estimated 
that  the  accuracy  of  air-temperature  measurcsar’'ts  using  the  EiVat  and 
Heiland  Oscillographic  recordU»r  was  better  than  10  percent. 
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CKopttr  3 

OPERATIONS 


3.1  FIELD  KEASUREMENTS 

Air-t«i5>emture  jneaeurenents  were  made  at  two  different  teft 
site#,  taccA.  Flat  (Shot  4)  and  Frencbnan  Flat  (Shot  12).  Ihe 
iBeasureaents  on  Shot  4  were  made  to  test  the  performance  of  the 
HlVats  flknd  associated  instruaentatloo. 


3.2  DrSmWSKTATIOK 

Ihe  basic  field  instrumentation  ccxisisted  of  ten  HlVats  acmnted 
on  a  10  foot  tower  at  elevations  of  1/2,  1  l/2,  6,  and  10  feet,  a 

systea  for  controlled  air  flow  through  the  HlVats,  and  a  Reiland 
Oscillographic  recorder.  A  ecbesMtlc  block  diagram  of  the  laycnit  is 
shown  below: 


The  tower  consisted  of  a  10-foo^-loog,  d-by-j-inrh  channel  iron. 
Solted  at  right  an^es  to  this  were  4-b3r-l  5/8-inch  channel  inaa 
brackets,  with  2«inch  iron  pipes  10  inches  long  welded  to  these  for 
aonnting  the  HlVats.  Thus,  three  HlVats  (  i^ced  12  inches  apvurt  ) 
were  aounted  at  l/2-foot  aikl  1  1/2-foot  elevations,  two  at  3  F«et 
woA  one  each  at  6  feet  and  10  feet,  with  all  BiVats  polnti}^  in  a 
directioi.  at  rl^t  anedes  to  ground  sero.  The  recessed  portlcm  of  the 
channel  iron  provided  adequate  protection  from  thezml  radiation  for 
all  cables  and  rubber  tubing  leading  to  the  ItiVats. 

The  airflow  control  box  conaiated  (fa  set  of  twelve  ooapressed 
air  aspirators,  the  auction  end  of  ten  of  thsa  being  connected  to  the 
HLVbt  by  aaana  of  1/2-lnch-diaaeter  rubber  tubing,  the  two 

servii4  as  spares.  Each  aspirator  «aa  regulated  by  SMans  of  needle 
valves  on  the  higb-prsssure  aide;  these  were  thm  (Mnnected  in  parallel. 
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fji  s«tf  of  ttiree.  Sach  set  xms  controlled  a  solenoid  mlire,  tbe 
latter  in  turn  coonected  by  mMcs  of  3/d~iAcb  preemre  tubin^^  to  a 
tank  of  conpreesed  air  fitted  vitu  a  reducing  valve.  Agaatat  iKilding 
rels/s  controlled  the  energizing  of  the  solenoid  valves,  the  fonaer 
being  energized  in  turn  by  the  closing  of  BQMl  relays  at  aims 
5  sec.  The  needle  valves  were  adjusted  to  fixed  positions  so  that 
the  flow  rate  through  the  HiVats  uat  approociaately  0.7  ft3/ain.  this 
ms  detcraiced  by  using  a  set  of  calibrated  flovrttors.  the  control 
bcK  and  caag«ressed  air  tanks  were  placed  in  6-foot  diweter  and  6-foot 
deep  culverts,  cme  for  each  tower,  each  culvert  located  seas  15  feet 
froD  the  latter  and  amy  fren  grouxkl  text). 

n^e  Beiland  recorders  were  placed  in  shelters  about  30  feet  daep. 
The  approociaate  locations  of  these  shelters  are  shown  in  Figure  3.1. 
Ihe  operation  of  each  recorder  was  controlled  by  Agastat  and  BQbO 
relays  sinilar  to  those  used  with  the  air  aspiration  control  aystm. 


3-3  SHOT  4 

A  1C ‘foot  tower  ms  instruawseted  at  1,500  feet  froa  and  due 
south  of  ground  zero.  The  tower  was  located  Just  at  the  base  and  due 
vest  of  a  20<foot  high  sound,  ^diich  eneloaed  the  shelter  for  the 
EeULand  recorder.  Ten  XLVats  were  aountad  on  the  tower  as  foUovs: 
three  each  at  l/2-foot  and  1  1/2-foot  elevations  froa  grads;  two  at 
3  feet  and  one  each  at  6  feet  and  10  feet,  respectively,  so  that  the 
field  of  view  was  at  right  angles  to  ground  zero,  iaeh  BiVat  waa 
connected  to  a  aepaxmte  chszmel  of  a  Hciland  OscHlographic  recorder. 


3.4  S8DT  12 

Air-t€sq;>ersture  aeaeureiBents  were  attempted  along  three  different 
radial  lines  fim  groui^l  zero.  Thus,  the  mter  line  was  located  on  a 
radial  line  north,  the  desert  line  west,  and  the  asphalt  line  south 
of  ground  zero.  The  layout  is  shown  in  Figure  3'1- 

':^ie  station  was  located  on  the  mter  line  1,000  feet  froa 
ground  zero.  On  the  asphalt  line  two  stations  were  instruswnted, 
one  at  1,000  feet  aid  one  at  2,000  feet  frea  ground  zero,  both  on 
the  saae  radial  line.  Similarly,  there  were  two  stations  on  the 
desert  lint,  one  at  1,000  feet  and  one  at  2,000  feet  froa  ground 
zero,  situated  in  areas  characteristic  of  terrain  in  Frmchaan  Flat. 
In  addition  to  theac,  a  series  of  five  others,  about  50  feet  apart, 
were  instrvmented  at  2,000  feet  froa  ground  zero  on  the  daaart  line, 
each  being  located  on  20  -  by  30  -  foot  plots  of  siaulstad  groand 
coverings  as  follows:  concrete,  fir  bougie,  ivy  plants,  wood,  aad 
organic  soil.  Tbs  surlhces  of  these  plote  were  about  4  Inches  above 
the  desert  grade. 

At  each  station,  one  10-foot  tomr  was  instruamted  as  in  Shot 
4,  except  that  the  SlVat  theraoeo^plee  at  the  eeae  elemtion  were 
now  oomected  in  eeries.  Fortheraore,  at  the  1  1/2-fOQt  elevation 
the  three  KiVate  wars  amated  with  the  field  of  rlerw  IdO  degreee 
frea  the  rest  of  tht  UVata  but  still  at  right  angles  froa  ground 
zero.  Although  it  was  atteagtsd  to  aount  the  BlVats  on  towers  at 
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the  eaiie  elevations  over  the  surf^es  at  each  station,  the  corres¬ 
ponding  elevations  differed  at  different  statiooe.  The  exact 
heights  vlU  be  indicated  in  the  results. 

The  recording  instrument  shelters  vere  located  2,500  feet 
fron  ground  zero  on  the  water  line  and  2,CXX)  feet  on  the  desert 
and  asphalt  lines.  Although  shielded  t%«-conductor  atcrophODe 
cables  were  used  to  connect  the  thermocouples  at  the  tower  to 
the  Heiland  recorders  in  the  shelters,  the  long  lengths  of  the 
cables,  especlallx  for  those  froa  the  1,000-foot  stations,  ao^  have 
presented  scaw  difficulties  in  electroasgnetic  plcXup. 


3.5  SUPPOHTIIC  OBSBRVAnO« 

A  5>4il  diaaeter  copper-constantan  bsum-wire  thermocouple  was 
aountcd  at  an  elevation  of  1  1/2  feet  on  the  2,000-foot  desert  tower 
to  obcain  the  aahient  air  teapexmture  prior  to  zero  time.  The 
reference  Junction  was  placed  in  an  ice-water  bath* 

In  addition  to  air-tesq^erature  measureaents,  l6.an(0&AP)  cameras 
were  installed  at  each  station  to  provide  photoffcaphlc  records  of 
events  prior  to  shock  arrival.  At  each  station,  two  cameras  ware  placed 
in  2-foot-dlaiDeter,  20-f6et-long  corrugated-iron  cylinders,  the  axis  of 
each  cylinder  being  at  right  u;gles  to  ground  zero  and  pointing  towards 
the  re^wctive  towers.  A  2-by-2-foot  wooden  target  with  contrasting 
horizontal  1/4-inch-wlde  lines  axui  2  inches  hetvaen  centers  pronrlded 
a  convenient  reference  for  the  photogrsphed  region.  The  target, 
shielded  from  direct  thermal  radiation,  was  located  about  13  feet 
from  the  tower  and  10  feet  from  the  camera.  Thus,  on  the  special 
plots  the  targets  were  located  within  and  about  2  feet  froa  the  edges 
of  the  plots.  The  speed  of  the  cameras  was  set  at  6k  fraaes/cec^,  one 
camera  being  set  at  optimum  exposure  szmI  the  other  st  one-half  optimum. 
The  operation  of  the  camera  was  controlled  by  Agastat  and  niG  relays 
in  the  same  way  as  the  aspirator  system. 

In  order  to  determine  the  nature  cf  any  gameous  eaanatione  froa 
the  irradiated  surfaces  prior  to  shock  arrlTsl,  gas  samplers  wars 
Installed  at  the  deeert,  fir-bough,  ivy,  wood,  and  asphalt  statloms. 

The  gas  eaiq;>ler  consisted  of  a  2-foot3  iron  cylinder  with  a  hsavy- 
duty  solenoid  valve  for  ecntrolling  the  period  of  sas^l  Ing  and  a  1-iaeh 
intake  pipe.  The  inlet  exul  of  the  latter  waa  located  about  2  feet 
from  the  tower  and  at  an  elen^tion  oH  about  1  1/2  feet.  The 
cnezgising  of  the  solenoid  valve  was  controlled  by  and  K3iO 

relays,  ths  latter  operating  at  -1  second.  The  period  of  amqpling, 
th'^refore,  extended  from  -1  second  to  the  time  of  arrival  of  the 
shock,  a  blast  switch  de-energising  ths  so?.e&old  valve.  The  ga* 
saaplers  vere  located  in  the  culverts  along  with  ths  aspirator  control 
box  and  ccmpreaaed  air  bottles. 


j  Although  the  film  ^eed  was  set  for  64  fxemes/aeo,  ths  actual  ipeed 
may  be  different  during  ths  detonation. 
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Chopttr  4 

RESULTS 


4.1  ^OT  4 

In  Figure!  4.1,  4.2,  And  4.3  the  re«iit!  of  Air  tenrperAturet 
Above  Ambient  Demeured  At  1/2-1  1/2-  And  3-foot  clevAtion!,  reipecwvely 
Are  plotted  vhUe  Figure  4.V  abovs  results  for  the  neAsurements  nade 
At  3  -  Aod  10-foot  elevmtions.  It  is  to  be  noted  that  nest  of  the 
he»:  ting  of  the  sir  occurred  between  0,05  And  0.3  seconds  for  ell 
elevatl  oas. 

There  were  no  IndicAtions  on  the  slr-teaqperAture  galvanoseter 
traces  of  shock  arrival.  However,  free  JUval  Ordnance  Laboratory  (NOL) 
blast  Bssisurenents,  the  time  of  shock  arrival  at  1,5^  feet  fras  ground 
zero  was  0.2?  seconds.  Ihls  is  indicated  in  Figures  4.1  through  4.4. 
Air-temperature  data  following  shock  arrival  are  considered  unreliable. 

As  A  whole,  the  results  indicate  a  definite  trend  in  decreasing 
air  te&perature  with  elevation,  although  for  socae  as  yet  inexplicable 
reaacn  the  measurestents  at  the  i  1/2-foot  elevation  show  a  lower 
tesgterature  than  the  and  6-foot  oeasurements.  Howet^er,  at  any 
instant  of  tiawe  tJiere  does  not  seem  to  be  any  well-defined  ten5>erature 
distribution  with  elevation.  Furthenaore,  at  each  elevatitxi  the 
fndlviduAl  HlVzts  apparently  indicate  different  temperature --time 
history.  From  curves  a  and  b  in  Figure  4.1,  the  air  teoii>erature  de¬ 
creased  rapidly  to  aabient  prior  to  shock  arrival. 

The  peak  air  teagjeratures  measured  were  cxtreBjely  high.  In  fact, 
at  the  1/2  -  snd  3-foot  elevations,  peak  tesiperatures  approaching  the 
melting  point  of  the  thermocouple  (melting  point  of  PlatinuiE  1,773^^} 
were  recorded.  Althcxigh  no  basic  thermal -radiation  measuresjents  were 
made,  it  la  estimated  that  the  total  radiant  exposure  at  the  station 
was  of  the  order  of  ^/OQ  caJ./ca^.  It  Is  therefore,  not  Incoiiceivable 
thst  a  part  of  this  large  amount  of  thermal  energy  was  transferred  to 
the  air  by  some  beat  transfer  process,  resuiting  1;.  the  excremeiy  high 
t«Bg)ei*atures  observed. 

Aiiother  striking  feature  of  the  results  of  these  measurements  is 
the  almost  totally  unrelated  time-  teamperature  history  of  the  air 
sasgtled  by  the  RlVats.  For  exajq>le,  the  rerndts  shown  In  Figui'e  4.1 
are  highly  suggestive  of  the  existence  of  rapidly  rlsiiig  discrete 
parcels  of  air.  The  breadth  of  these  parcels  of  heated  air  appear  to 
be  less  than  the  distance  be^  ajen  BlVats,  namely  12  Inches.  Furthermore 
they  seem  to  nppear  and  rise  randcmily  in  time  and  the  coiu-se  they  take 
in  ascending  ''^rtlcally  is  •'Is-  r  indce,  iicvsver,  the  naximuR  teiapera-- 
ture  of  there  air  parcels  appsarc  to  he  about  the  sasse  at  the  same 
alevatlon. 

Althcxigh  these  measura»aeuts  on  Shot  4  wore  primarily  made  to  test 
the  performance  of  the  Ki^ats,  an  enlightening  interpretation  can  be 
made  of  the  reaults  cbtsdned.  For  example,  il  would  appear  tvaa  the 
Insults  that  the  air  was  not  himted  uniformly,  at  least  at  the  station 
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vhere  tha  ^leasurcments  were  inade.  In  fact,  the  heated  adr  aewead.  to 
coneist  of  a  randoci  distribution  of  rapidly’  rising  parcels  of  heated 
air  in  a  ffledium  of  air  at  Buch  lower  temperatures  approaching  aabient. 
Purthers  "e,  the  time  of  appearance  of  these  parcels  of  heated  air  waui 
randOBJ.  ^  height  to  which  they  rose  and  the  coarse  they  took 
presumabiy  depended  on  any  Isuger  scale  latera*.  action  of  air  and 
entrainment  of  the  cooler  surrounding  air.  The  existence  of  parcels 
of  heated  air  wculld  seem  to  imply  the  developificnt  of  hot  an»as  on  the 
surface  of  the  ground,  the  existence  of  the  latter  perhaps  being 
related  to  the  beterogeniety  of  the  surface  layers  of  the  Yucca  Flat 
soil.  The  effect  on  any  large  scale  disturbance  tranmitted  by  the 
air  would  thus  be  a  function  of  the  density  distribution  of  the  parcels 
of  heated  air,  i.e.,  an  average  teaq^crature  defined  ty  the  density 
distrlbuticm  which  in  turn  may  be  related  to  the  effect  of  the  parcels 
of  heat*‘ii  '*<r.  It  should  be  osphasized  that  the  abo\'e  Interpretatioo 
is  conjectural  and  Is  an  attempt  to  try  to  foraulate  a  plausible 
explanation  of  the  results. 


4.2  SHOT  12 

4.2.1  Water  Line  Station.  So  8Llr-teiiq?eratur«  data  were  obtained 
for  this  station.  T^ie  Seiland  record  showed  that  of  the  five  air 
temperature  channels,  two  indicated  excessive  electronagxketic  pickup 
at  shot  time,  although  the  galvancaaeters  remained  undamtiged.  However, 
no  gaLLvanometer  traces  ccadd  be  found  for  the  other  three  channels 
after  zero  time,  indicating  that  the  galvanacieters  were  burnt  out  due 
tc  excessive  pickup.  Dhfortunately,  despite  the  shielding  azul  use  of 
twisted  cables,  strong  electrcnagnetic  pickup  resulting  presumably  from 
the  use  of  lorig  lengths  of  cable  (about  2,000  feet  for  each  channel) 
prevented  successful  measureaveat  of  air  temperatures  at  the  1,000-foot 
station  on  tlw;  water  line. 

4.2.2  Asphalt  L^e.  At  the  1,000-foot  station,  no  alr-te,aperature 
data  were  obtained.  ?or  some  as  yet  unknown  reason  it  appesired  that  thm 
Helland  recorder  was  not  in  operation  Just  prior  to  and  during  shot 
time. 

At  the  2,000  -  foot  station,  the  Helland  record  indicated  that 
there  was  no  galvanometer  deflection  for  all  the  air- temperature  channels. 
This  result  may  be  due  to  either  the  air  temperature  renminiiag  constant 
throughout  or  the  Hi  Vats  being  inoperative  during  shot  tljae.  It  1 « 
almost  inconceivable  that  the  air  teoperature  remained  sensibly  un¬ 
changed  during  and  riant  after  zero  time.  On  the  other  hand,  If  the 
aspirators  were  inoperative  so  that  no  air  was  being  drawr  through  the 
Hi  Vats  during  siid  isamediately  after  shot  tlise,  any  rise  in  aJ  . 
temperature  would  not  be  recorded.  However,  there  was  no  way  od* 
checking  for  any  failure  in  the  aspirating  system.  At  best,  frea  the 
recv'^rds  obtained  at  this  station  It  was  inferred  that  no  air  tempera¬ 
ture  data  were  obtained.  On  the  other  hand,  photographic  remrlts, 
which  will  be  described  below,  indicated  probable  high  air  teq;>era- 
tures  at  this  station. 


4.2.3  Deeert  Line.  At  the  1,000-foot  station,  again  no  air- 
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AiR  TE3^PERATURE  A0OVE  AMBtENT  (°C)  AIR  TI-nlRERATURE  ABOVE  AMBIENT  {®C) 


TIME  15£C) 

Figure  Air  Teays^^'rAtuire  Abcyva  Aaibient  «t 
l/2  ft  Slevfttion  Above  (Jrfeds;  a,b,c,  repre- 
cent  three  different  Hi /Ate,  Shot  4. 


TIME  (SEC) 


Figure  k.2  Air  Tenipexwture  Ahcrve  Mblcot  rt 
I  1/2  ft  CUrtTAtlou  Above  Orvie;  d,e,f 
repcreMot  three  different  filVate,  Shot  A. 
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teasper^ture  data  were  obtaiued-  T!ae  Heiland  record  itidicated  that 
the  paper  drive  roechanlssm  of  the  recorder  Jajmced  momentarily  duriiig 
and  for  a  short  while  after  zero  time.  Aa  a  result  of  this  jamming, 
th<°'  traces  of  the  galvanometer  deflections  were  virtually  superposed 
as  to  Rmke  redaction  of  the  data  impossible. 

k.2.k  2 , 000-Foot  Scat i on .  For  the  desert  plot,  no  air  temperature 

data  were  obtained.  Again  apparently  for  aonie  unknown  reason,  the 
Heiland  recorder  was  not  In  operation  Just  prloi'  to  and  during  shot 
time. 

At  the  organic  soil  plot,  the  air  temperature  data  was  irvadver- 
lost  in  the  photographic  development  of  the  Heiland  record. 

For  the  concrete,  ivy,  fir-bcugh  and  wood  the  sir  tempera- 

tur«i5  above  ambient  are  shown  in  Figures  4.5  uiart^ugn  h.c,  respectively. 
In  Flg^ires  4.7  and  4,8,  the  maximum  air  tesperaturee  for  some  elevations 
wsre  not  obt€dJ3ed  because  the  galvanometer  deflections  were  off  scale. 

So  positive  indication  of  shock  arrival  appeared  on  the  air-tempera- 
ture  ^,vanc®,eter  traces.  However,  the  results  for  shock  arrival  time 
stained  by  .Stanford  Research  Institute  (SRi)  at  2,000  feet  froK 
ground  zevo  os  tJis  desert  line  and  at  elevations  of  0  and  3  feet  above 
grade  was  0>452  iseconda.  This  is  indicated,  in  Figures  4.5  through  4.8. 
Air  teapemture  data  following  shock  arrival  are  considered  unreliable. 

Kxasd.n&ticr  of  Figures  4.5  through  4.8  reveal  a  rather  unusual 
result,  in  that  tbs  air  t«5!per»ture  at  all  1  l/2-foot  elevations 
generally  showed  sd^iLflcapt  Increase  only  at  much  later  tJjties  than 
those  at  other  elevatioas.  It  should  be  stated  that  the  HiVats 
SBOunted  at  the  1  i/2-foot  slevatioa  at  each  station  pointed  in  a 
direction  l30  degrees  fr<».  those  aounted  at  all  other  elevations.  It 
does  cot  8e«3R  possible  ti»tt  this  arrangeinent  of  mounting  Hi/ats  on  all 
towers  could  be  resjxmsible  for  the  unusual  time  history  of  the  air 
taaqperature  at  the  1  1/2-foot  elevations  for  all  stations.  By 
coincidence,  the  air-iesperature  aeasurements  on  Shot  4  also  Indicated 
s^sethlng  unuswal  at  the  I  l/2»foot  elevation,  namely  much  lower 
iBaShlfflUffi  tesrperatures  than  at  either  the  1/2  or  3-foot  elevations.  On 
the  other  band,  the  HI, Vats  at  the  1  i/2-foot  elevation  recorded  air 
t«Hperat\ures  above  aaibient  over  a  much  Icsiger  period  of  time  than  at 
most  of  the  other  elevatlono  for  ail  staticHis. 

A  aosewhat  3iiore  interectlng  obsein^ition  is  that  the  maxinruro  air 
teapeiimture  apparently  increased  with  elevatlojis,  at  least  up  to  about 
10  feet  ca  all  these  stations.  IMa  is  very  striking  over  ivy,  fir 
boughs,  and  wood,  although  perhaps  not  a  totally  unexpected  result. 

In  th®  emtt  of  concrete,  it  la  difficult  to  explain  such  an  increase 
In  aHBxlmum  teoperaturs  with  increasing  elevation.  However,  the 
teasperature  gradient  over  concrete  Is  lauch  »ialler  than  over  the 
other  plots.  A  tentative  explanation  is  that  the  results  are  strongly 
suggestive  of  flsadng  over  the  latter  plots.  Presumably,  absorption 
of  theraal  radiation  by  the  Materials  in  the  plot  could  cause  rapid 
release  of  highly  caab^rstlble  gases  ^Ich  subsequently  can  ignite 
in  air  ai^  thus  produce  f lasing. 

Another  interesting  thing  is  the  rather  short  duration  of  recorded 
hi^  air  teseperatures.  This  is  apparent  for  loost  of  the  aeasuraiaents 
cm  all  plots.  I^e  raj;>id  drop  in  tesaperature  to  anbient  which  occurs 


flr«  4,6  Air  T«iq»Pfttur«  aborr*  Jtabient  awmr  Irj  Plot}  {a)  top  of  irj  Imtoc, 
1  it,,  fc)  2  1/2  ft,  (d)  5  1/2  fit  (•)  9  1/2  rt  aboro  top  of  ivy  laowa,  She 


laoo 


«;?preclably  prior  to  nbock  aurrival  «pp«iir«  to  be  ecsaewhct  Incoosleteat 
vlth  idle  Shot  4  resulte.  Ihie  vf!  b»>  lUrther  4i»c’A.«»«d  below, 

4.3.$  Geit  Siiatplee  frcw  Irradlle^d  Plots.  la  l^ble  fc.i  the 
results  of  the  rhemlml  aiMilyeie  of  the  gsMt  ew^lee  obtaii^  over  the 
five  plot!  at  the  2,000»fo©t  station*  ^re  lUted.  The  analyele  vei 
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perforHed  by  the  Amy  Chemical  Oeater.  The  ebeooce  of  pro&iete  of 
oxidatloo  or  coBbuetioo,  euch  ae  00  aad  CQ  la  eomehat  curprlalaf. 

It  would  aeea  »ore  reaeonehle  tc  aani  that  the  aaalTaie  fhlledi  to 
quaxttitatively  detect  the  preeeace  of  theee  product# . 

In  the  caee  of  oaqr^en  content  of  the  (se  aenplee,  the  reeulte 
i—B dilate ly  Buiti^eted  removal  of  cogryen  over  the  ivy>i>ood,  aad  ai^hnU-t 
stations  by  ecen  proceae  audii  aa  cotbuetloo  or  flaalac.  On  the  other 
hand  over  the  deaert  and  flr^bou^d^  atatiooa  the  oxygen  content  nae 
!u>t  different  frcai  that  of  noraal  air,  Ihla  la  to  be  expected  for  the 
deaert  station  idmrMa  for  the  fir^bouih  station  one  vould  expect 
remits  aijaiiar  to  that  over  ivy  and  wood. 

4,2.6  t^tojyyphlc  ^mlta.  The  piKXtograihlc  fllea  fron  the 
cenerM  at  all  the  1,656- foot  etatioaa  were  fogged  beyond  any  poeal- 
blllty  of  obtaining  photographic  reccarde  at  theaa  locatlona.  Altikougjh 
naaaurea  were  taken  to  ehield  all  eeanma  frcii  pronpt  radlatioa, 
apparently  they  were  not  enough  to  re^ce  fogging  Am  to  prenpt  radiation 
as  well  ae  that  due  to  a  high  gaaaM  field  after  shot  tine.  In  fact,  eerly 
recovery  of  theee  fllaa  could  not  be  nade  becauaa  the  feem'  eheltwra 
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were  v»ry  severely  dnoged,  making  it  ^  sposslble  to  renove  the  ciwerM 
vlthis  the  tl*e  Allowed.  Therefore,  recovery  of  the  filaia  ertd  .;SB»rA» 
¥»s  Mde  ceverel  daiiye  after  luot  tiase  when  it  becane  radlologic'’il.l,y 
saf*  to  moxk  in  theae  areas  for  an  extended  period  of  tint*.  ScMiv^r. 
the  developed  filas  were  fogged  to  the  extent  that  no  |*otogra*alc 
iiiages  vers  discernible. 

At  the  2,000>foot  station*,  oc  the  other  hand,  photograph  c 
records  nrior  to  rtiock  arrival  vere  obtadned  for  all  stations.  The^e 
are  idicem  in  Figures  U.9  throu^  V.lU.  Certain  general  features  are 
quite  evident  in  these  photographs,  nsoely,  the  pronounced  ninlmatt  in 
intensity  prior  to  the  second  maxlmuB,  the  buckling  of  the  metal  baffle 
hetmeen  the  dazk  and  light  portions  of  the  background  target  due  to  in¬ 
tense  thermal  radiation,  end  the  evolution  of  material  from  the 
Irradiated  surface  between  the  target  and  c  aaera. 

FOr  the  desert,  in  Figure  4.9,  photograph  9,  there  appears  near 
the  desert  sur^Mse  clouds  or  wiepe  of  material  being  carried  up  into 
the  air.  On  the  tisM  scale  this  la  estimated  to  begin  rou^ly  dOmsec 
after  soro  time.  Succeeding  photc^pr^phs  ehow  the  time  history  of  the 
derel^^pnent  of  a  rather  tenuous  and  somewhat  inhoeogeneous  distribu¬ 
tion  of  these  clouds.  Fux^eniore,  at  some  stage  of  development  there 
is  a  suggestion  of  a  filsmsntous  nature  of  this  rising  material.  It 
Is  believed  that  the  latter  concists  of  very  fine  particles  being 
forced  into  the  air  by  the  explosive  action  due  to  rapid  heating  of 
occluded  air  trapped  in  the  minute  interstices  of  desert  agglomerates. 
Aich  rapid  heating  of  the  occluded  air  presupposes  rapid  heat  transfer 
of  the  absorbed  intense  theraal  energy  by  the  particles  which  comprise 
tbs  desert  surface.  Although  the  convective  heat  transfer  coefflcisot  to 
static  air  is  graerally  asall,  the  smount  of  heat  transferred  per 
unit  voliaw  of  occludsd  air  and  per  unit  ties  mey  be  extr  erly  large 
eiqieclally  under  candlticms  of  very  large  surface  to  volume  ratios. 

For  the  asphalt,  Figure  4.10  ehewe  two  sets  of  photogrephs, 
eadi  taken  from  a  different  caaera  but  at  the  eeme  location.  In  the 
first  ease  the  exposure  was  set  at  predicted  optinua  and  in  the 
second  case,  a  neutral  filter  was  used  to  reduce  the  intensity  by  a 
factor  of  2.  Again,  at  about  lOmamc  aftsr  zero  time  there  appMure  to 
be  definite  indications  of  changes  taking  place  at  the  asphalt  surface 
and  Just  above  it.  Furtbemore.  the  material  that  is  observed  at  and 
above  the  surface  appears  to  be  noticeably  different  froe  that  ebove 
the  deesort.  In  fact,  up  to  a  height  of  about  2  inches  from  grade  the 
mat^U'lal  appears  to  be  rather  homogeneous,  althou^  at  later  times 
this  is  not  so,  and  it  is  much  denssr  than  that  over  tbs  desert  plot. 
During  the  early  stagss  of  developmsnt  it  is  difficult  to  decide  whether 
the  material  is  incandescent  or  ccnslsts  of  particles  released  from  the 
highly  irradiated  asphaJt  surface.  Eowever.  at  later  times  it  is 
certain  that  the  material  is  incandescent  and  flemes  can  be  seen  in 
the  photographs.  In  fact,  vigorous  development  of  the  flsnes  sppeers 
to  take  place  up  to  the  time  of  shock  arrival.  Ehtchee  of  meoke  can 
be  seen  which  i^>pe«r  black  in  the  photo- ^aph.  preeuambly  because  such 
SBOke  ccmslets  of  highly  absorbing  mater.  1.  e.g.,  carbon  particlee. 

(Bote  that  in  all  photographs  the  xield  of  view  extends  to  an  elevation 
of  only  about  id  inches  ahorve  grade). 

The  photogrephs  over  the  concrete  plot  in  Figure  4.11  are  eeme- 
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Plgure  4. IQ  Ftiotographlc  Sequence  orer  Skn  k -c?  ’vt  2,OOOfoot  Aapfailt 
S'*-?*  ion.  Upper  Photo:  S<*t  at  predicted  ..  .  t.;  .  at  expoBore,  I-ow*r 
Photo:  Neutral  filter  uj?ed  to  reduce  intena  *y  bj  factor  2. 


«ii*t  cljaiJLar  to  thoe«  for  diewert.  dersloproat  of  tt  cloud  of 
fisfttorial  ftt  Knd  Above  th«  «ut''fftce  of  plot  <fi|7p«ar8  to  atsrt  At 
«b<w.t  100  si««c  After  mro  tiae.  tfe®  «pp«AirA0ttc»  of  tfc«  clowd  In  th# 
pfeotogr«|jb«  i«  very  sisiilAjr  to  that  over  tiM  <i»A«rt;  however,  it  1« 
sort)  ccplouA  ftod  dssiAe  thsa  that  over  the  latter  It  it  reaeffiKable 
that  Aucb  clot^dA  would  fors  over  co»cret«.  Ooe  iai#t  «3ss>»et  this  tf  It- 
were  asKsued  that  ju«t  wiar  to  »*ro  tijse  the  coocrete  auarfttce  wis 
covered  with  a  Jjiyer  ef  v«ry  fim  desert  duet.  On  th®  other  b»?:4,  it 
is  kaowss  froB  laboratory  obcervationa  that  irrsNiiatioo  of  firebarick 
with  lat^-nee  therael  radiation  will  eeuee  ejection  of  eqpioue  iMousta 
of  fljoe  parti  cleg  trm,  the  irradiated  surface. 

For  the  fir  boughs,  the  itootograjhs  of  Figure  h,22  show  nssm 
gec^ral  i^enocieQa  that  were  obeerved  over  the  other  plots.  Thus,  at 
about  SChisec  after  sero  tiioe  at  the  surface  of  the  plot,  aaterlal  was 
forced  i&to  ihe  air  shove.  As  in  the  case  of  the  desert  plot,  the 
clouds  are  tenuous  azid  patchy.  It  is  not  possible  to  infer  whether 
these  clouds  are  aade  up  of  discrete  particles  or  eozacentrated  gaseous 
or  v^r  aiaaoatiofis.  Ifee  photogr'ajphs  for  later  tiaes  Indicate  what 
a^p£®art  to  be  flmlog,  althou^  being  nuch  less  evident  over 
the  asphalt  surface.  In  fact,  it  seecui  that  vary  little  buralag  of  the 
fir  bexigh#  takes  place  and  that  any  appracieble  flmlng  would  ^E^parantly 
originate  ir  the  clouds  shove  the  plot.  ?his  would  suggest  release 
of  coBbustible  louses  or  vaijora  fro*  the  fir  bou|^  upon  irradlatl«& 
with  subsequent  cessbustion  and  flaning  In  the  presence  of  alatstgpheric 
oiqrsen. 

In  Figure  4,13  the  shotegraphe  obtained  over  the  ivy  plot  mre 
shown.  Tbeee  ere  very  sij&iXar  to  tiuiee  over  the  flr-bou|^  plot 
except  pezhaps  with  only  very  sll|^t  indications  of  flMli^  over 

ivy, 

For  wood,  the  jizoto^rai^e  in  Figure  4.14  see  very  striklag.  Ahoot 
So  ssec  After  sero  tins  "wisps"  of  aaterial  appear  to  rise  fron  the 
wood  surface.  %eQ,  about  30  aeec  later,  a  dark  Hn*  appeara  just 
above  the  surface  of  the  woisd  which  later  devalqpa  into  what  teens 
to  be  a  aixt)tte  of  flane  sad  snoke.  fhe  latter  becoans  ao  axtenslve 
that  -aije  vhole  field  of  view  of  tha  cMsrs  is  obscured* 

Ihe  photcgra(3hs  obtained  over  the  soil  plot  have  been  oaitted 
because  there  was  partial  obscuration  of  ^  plot.  Sowever,  they 
appeared  very  slailar  to  those  of  the  desert  plot. 
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It  18  uaftortucatft  no  vcre  obtained  from  the  aln- 

tei^pezvture  aeanureBente  over  the  dteeert,  aephalt  and  vaster  eurfticet, 
vhich  aaSees  It  alnoot  ingpoealble  to  relate  air  tiaaperatuTea  vith 
precursor  foraction.  However,  the  results  obtislned  cn  Shot  k  and 
those  over  the  special  plots  in  £!iot  12  asjr  be  helpful  in  providing 
SOBS  inslj^t  into  the  nature  of  the  preshock  sir. 

In  Section  k.l,  based  on  the  results  of  Slot  k,  s  description  nd 
possible  explsaation  of  the  nature  of  preshock  sir  hss  already  bean 
discusssd^  It  dees  seen  likely  that  a  similar  deseripti^  would 
apply  to  inreahock  air  over  the  desert  in  Shot  12. 

Thus,  the  photopaidis  in  Figure  4.9  eesn  to  indicate  that  the  air 
over  the  desert  is  not  unifoxnly  bested  prior  to  shock  arrival.  This 
ioplies  there  sety  exist  patches,  filSRMnta,  or  parcels  of  intensely 
heated  air  distributed  rendonly  in  cmly  sli^rtly  bested  obisnt  sir. 

Shock  vaves  passing  throu|^  such  Mdios.  ifould  thsrefore  behave  as  if 
passing  throuid^  it  at  sosw  average  air  taaipimKture  dstsxvlned  by  the 
distribution  of  heated  pszcels  of  air.  The  photographic  results  over 
concrete  In  Saot  12  appear  to  support  the  suggsstea  existence  of  parcels 
of  hsated  air.  Thus,  ‘Um  air- taapers tore  asasuresicnts  indicate  hi^ 
tssgterature  of  brief  duration,  i.e.,  suggests  pulses  or  parcels  of 
heated  air  rapidly  amoving  past  the  HlVat.  It  nay  be  argued  that  fine 
dust  particles,  heated  to  very  hi|^  tsiaperal»jres  upon  irradiation,  and 
vhich  could  be  a  major  constituent  of  the  clouds  over  the  desert  surface, 
nay  have  been  drawn  into  the  HiVat  and  thus  simOated  hl^  air  teaperatures 
of  short  duration.  This  is  quite  possible  and,  in  fact,  asy  well  provide 
for  one  of  the  aechsnlans  of  rapid  heat  transfer  to  the  air  resulting  in 
the  foraatiem  of  parcels  of  bested  sir. 

Froa  the  photographs  obtained  over  the  asphalt  surface,  it  would 
sesB  that  the  air  would  be  heated  oudi  more  uiaifomLy.  The  photographs 
indicate  considerable  coahustlon  and  vigorous  flaslng  over  the  asphalt 
surfacs  which  should  therefore  heat  the  sir  al>uvw  rathsr  unlfomly. 
Furthszeers,  the  gas  analysis  also  indicates  zesmal  of  staospheric 
oxygsn  in  rather  significant  ssKMnts,  thus  supporting  coahustlon  over 
the  asphalt  surface.  Uhfortunstely,  the  photographs  do  not  ihov  the 
entire  vertical  extent  of  the  flaslng.  A  conservative  estimate  of  the 
teapezmturs  in  the  flaas  end  the  sir  iaasdlately  shove  it  would  be  of 
the  order  of  1,OOO^C  (insasuch  as  aost  organic  fuels  yield  flaas  teaperatures 
of  shout  1,CXX)  to  2,00CPC). 

The  siallsrity  of  the  results  for  the  concrete,  fir-bou|lh»  ivy 
and  wood  plots  suggests  sisdlsrlty  in  the  natuze  of  the  air  above 
the  plots.  The  results  for  the  concrete  plot  have  already  been 
discussed.  In  the  esat  of  the  ivy  and  fir  bouid^  plots,  apparently 
v«ry  little  or  no  coabustion  takes  pises  at  the  surface  of  ^  plots. 

It  is  suggested  that  gaseous  eaanatioos  released  by  the  intense 

a? 


inrndiation  of  these  plots  rise  into  the  air  above  la  patches  or  parcels 
i&ich  thea  abeoH)  the  iacideat  radiatloo  vrith  possible  subse«|uent 
ccBibustloia  aad  flJMiinig.  Such  a  aechealsn  could  veil  explain  the  hi# 
air  tenpsratures  of  idKart  duration  obserrsd.  There  does  not  appear  to 
be  any  other  Bechaaln  which  would  bring  about  unlfora  air  tunstperatures 
above  these  surfaces.  The  gas  analysis  Indicates  consldsrahle  cos' 
buetion  taking  place  over  the  ivy  plot;  however,  over  the  fir-bough  plot 
the  oxygan  content  renained  noz«al.  Tlte  latter  result  could  be  explained 
by  aseuaing  that  In  the  zeglca  where  the  air  was  being  amqpled,  little 
or  no  coobustlOT  took  placo'  due  to  the  randan  nature  of  the  gasecua 
sanuatiooa  the  fir  boCigha.  In  addition,  the  naxlnoB  air  tesostra^ 
^ires  observed  are  of  the  order  of  thoee  expected  in  conoustion  of  organic 
fuela. 

In  tha  case  of  the  wood  plot,  again,  according  to  the  gas  analysis, 
agsveclahls  eoBbustioo  takas  placs.  Presuaably,  oxygen  is  coosuMd  in 
the  buxtdng  of  the  Aurface  layers  of  wood  as  wsH  as  coabustlmi  of  any 
gaascKLS,  ignitabls  aaterlal  rsiaassd  froa  ths  wood.  !Dm  photographs 
seen  to  Indicate  great  qp^dsitities  of  a  nixture  of  snoke  and.  flsne,  which 
however,  do  not  have  the  appearance  of  being  steady  and  persistent  as 
over  the  asphalt  aurfioec  the  aeasured  Adr  tsaswratures  do  not 

indieata  any  unlfom  Iteatlng  over  the  wood  plot,  tauch  of  this  being 
probably  due  to  the  relatively  aaall  else  of  the  plot  as  coigiared  to 
that  over  the  asphalt  otation. 

She  above  diacusaioos  art  by  no  isaana  Intanded  to  be  conclusive 
in  view  of  tha  liisitad  tlata  obtained.  However,  it  ia  felt  that  tha 
hbove  repreaant  a  poaaible  qualitative  dtacrlptloc  of  the  nature  of 
pra  shock  air  above  auch  aurfScea  Irradiatad  by  intenae  theznal  radiation 
trm  maclaar  datonatlona. 


Choptar  6 

CONCLUSIONS  ond  RECOMMENDATIONS 


It  if  f9lt  that  th«  itetlK>d  of  anafursaunt  of  air  tai^raturao 
reported  here  ie  a  reliable  one.  OMrefore,  the  recorded  toqperaturef 
obtained  in  thie  operatio:^  do  indeed  indicate  air  ten^rature#  at  the 
locationa  of  each  inatrustent.  fhe  high  taMperaturoa  obtained  are  msm- 
vhat  in  keeping  vlth  the  reau.lta  of  previous  teat  c^raticnxe.  Howeeer, 
an  important  difference  haa  btien  obaerved  in  the  clae — teacperature 
hlatory  of  the  heated  air  prior  to  ahock  arrival,  fbe  recorded  hi|^ 
air  teaperaturea  of  vez7  abort  duration  ara  indicative  of  aaricad 
It^aBOgenlatiaa  of  tha  heated  air.  Sie  e:ciatanca  of  patchea  or 
parcela  of  heated  air  haa  been  poatulated  to  account  for  theae  obaer- 
vationa.  Tha  effect  on  any  lairge  acale  pheaoaenon,  auch  aa  a  ahock 
front  Boving  in  auch  a  aadiua,  abouJLd  thcrefora  be  ralated  to  BOm 
average  taaparatura  defined  by  the  dialrlhatl<»i  of  theae  parcela  of 
heated  air. 

Di^ite  the  Halted  eucceaa  in  the  aaaaurawnt  of  air  taa^perature 
over  varicua  typaa  o^  terrain^  it  la  felt  that  the  e<|u.lpBant  and 
technique  uaed  in  thla  operation  ase  veil  aul-^ad  for  air  teaperature 
aeaaureaianta  eapectally  in  vlev  of  the  aatlafactory  raaulta  obtained 
on  Shot  k.  However,  in  any  future  aeaauzeaanta,  utaaoat  conaldaratlon 
ahould  be  given  to  the  poealbility  of  electroaagnetic  pickup  lnterfar» 
lag  eoaplately  vlth  the  aaaaiireaanta.  It  la  further  auggeatad  that 
other  reliable  aathoda  be  eoaaldared  which  vHl  earyla  tha  air  aora 
aztaaalvely  than  tha  above  la  order  that  local  ici^aaogBnletlea  vUl  be 
averaged  out  la  tha  aaaairaaant. 
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me  ACTitmas 
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Ilaenne  Ur.,  Wertiln/p.^  29,  D.C. 
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.■*7  'lacratarr.  The  O.B.  Ar^  Air  Hatntm  Setaxil,  ft.  Bliea, 
Taxaa,  ATTf:  A  .  Orac(  C  BraltayeTi ,  Dept,  of  Tactiea 
aod  Coahtoad  Arae 

30  Ceilin' 1  m  Oaaaral,  An  Hadloal  Sarrloa  Sohool, 

Brooha  Araf  Nadlvial  Caetar,  ft.  Saa  Imtatoo,  Tar. 

31  Diraotor,  Special  Waapeae  Daealonat  Office, 

Haartaiiartare,  XSABC,  ft.  Bllse,  Tea.  ATTS: 

Capt  T .  I ,  SklaMr 

32  Coaaeri  iirt,  Walter  Bead  Aror  Iiiatlt"te  of  Bnaarch, 
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63  Mntar  af  anal  DnaUifiataa,  a/U,  29, 
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29,  D.C .  ATtSi  SBaam  Bifsaaii  IKt . 
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69  Chlaf,  Buraeu  of  Smyllaa  aad  AesnaNe,  fhaltum- 

taa  29,  D.C, 

TO-  n  Olef,  Bum  af  Aarmtlae,  101,  Whahimtaa  29,  D.C 
72  Chief  of  SVaal  Baeaeroh,  OmafBnnt  *C  the  Etay 
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T3  Cudir-le-Chlef,  U.S.  Iholfle  riimk.  Fleet  feet 
orfloe,  hia  FMasteae,  Calif. 

74  CanMnl»r-le.<hlaf,  O.B.  AUtotlo  fleet.  U.S.  rtael 
m,  tarroU  U,  fa. 

rv  79  CeaaaaSaut,  U.S.  aarlea  Caava.  Waahiavtea  29,  D.C 
Ami  Ceda  3£9l 

79  ffealdnt,  U.S.  keel  *hr  Car, ago.  Baqfort,  B.I, 

BD  Snyer  lei  India*  ,  U.S.  Ikeal  ^■a*g^e4*ata  Bshael, 
rtartrai' ,  Calif. 

fhaaaanoa  Dmaap,  U.S,  rteal  Senle  Caaaaarf,  U.S. 
Meal  StatUB,  Tfeaeera  Jehnod.  aoe  fraaaiaee, 

Caitr. 
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S3-  84  Cudlas  OfTlaar,  U.S.  fleel  Vralaligi  Caeter,  Bar^^l 
ftatita,  rta  Olavo  36,  Caltf.  AITVi  (SIW  Sohoei'.i 

99  OaaaBrttad  orflear.  Air  Onalasetat  Syndraa  9,  f1-9. 
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OaaH,  anal  Blaa,  fhUedel^hte,  fh.  Ami  ABC 
rafaaai  Coarea 
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“W-  *  mnrn  r*  ImvamtM**,  B/t,  <?*,  ^:c, 

on  I  m<A'-4i^ 

^  Bir»<r«or,  0,8.  1— wuret.  l»i>, a .•'>■><, .  '«.i«£i»irMw 

B?,  S.C.  on:  an.  Ihtterlm  f,  <x*' 

9^  airvctor,  li*  HUmtUlI  UrbawMW;  .  Va^’  tart  Iwtl  Siiy- 
7*rA>  ferooUjti,  X,  T. 

Or— -all, m  Oftlaar  aaa  Qii«etc£i ,  sj.t.  b«7  Caetroalc* 
UBoratort,  San  Ql«co  OrM*. 

9»-lCi  r— I«atm  Oftlaar,  3.8.  m.-^i  IMtioiaalaal 

iakenttar; ,  jta  rraaKrlaao  .  on  i  TtcXKUa! 

lOonatiar  OtTlaicr 

ioe  an— w*if ,  0,8.  ■•vtl  Air  :.<wrfeiofr.r  Oantar.  Jniaa- 
rlUs.  F», 

iOJ  Oci— iriHiig  OfTlaar,  ClPthia*  Offtn*.  Co—  ID-f:, 

irrJ  At—  i9th  St.,  I.T. 

lOA  CIBCJIC,  ri—t  F—t  Offia*,  3—  Ml—a,  Cailf. 

10VL09  1  lOer— tlon  tntBMlM,  Oak  tl4— ,  Toaa. 

(SurxAiw; 


AH  loaa  AormcnB 
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•*  O.C.  Aff*:  '—r  Fla—  DIt  . 

lAj  Str—Aar  of  —nai.-ak  — d  Drrvlop— a;  V^/u,  I— d- 
«— rWo,  swr,  — IfiCtoa  3.C.  Am:  .la—tt 

;  C—fo— eta  DIt. 

,  IXk-lX^  Dti—t—  of  Ipf  Xlljaan,  S—A*— rtar* ,  36AJ,  i—uc- 
ta®  »5,  O.C.  Arri:  ATCa-m 
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'  D.C.  ATT*:  iio.  Orf.  It.,  ft®  —I.  SFt. 

^  U7  A—t.  CMaf  of  Staff,  letallSa—,  S— "t«r« ,  3,S, 
Air  V«raM-a>rova,  AK)  6i3,  1—  Tort,  B.Y.  AWS; 
•ta—Ao  gf  Air  Taraata 

liS  Oo— — r,  t^Ttk  Si»"»inila— i.w  T— laal  »fU4iix.v> 
iitid},  AfO  6oJ.  l—r  lork,  t.I. 
li}  Citi—iaAA.,  roar  n«t  Ali‘  for*—,  AfO  »5,  •—  w», 

•  ^llf.  an*,  tyagial  xaat.  Aw  OOosrol 

i*>  Oa— BMr<tB>Cltur,  Stnataaia  a  j  \iir— >1,  C«Vtt  Air 
ntr—  baa,  (— >,  bftraab.  aR*;  SyMlad  — a#cv!» 
ban—,  takaf—t—  &!».,  bay—t—  O—ural 
:  Oaa— adar,  betlaad  Air  Yia—iiA,  ^ligr  AS*,  b, 

Afni  Deo— ta  Saatrlt;  3iak«a 
oua— r.  Air  OafaMa  C«— ,  %t  hfS,  Cclo, 
biaarck  EtrartarAiia,  M|bwW«,  kit  ;?■!>.<-»  SjAwiii 
M—]B»*a  Caartar,  ClrtOanA  Al.-  ]Airr>!«  9ar  Mnloo, 

ATn:  :Alaat  m«ata  ba. 

i.?3  Cir— aa  lir.  Air  baoarcli  aoA  narale^n— t  C— -<;.  fV 
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13?  CaaaanAar,  Cr—  TraUiJaii  Air  fwta,  — n'— 

1—.  AT!*;  KTI*.  SCS/iD 

Ij8-i39  f—naat S— t .  Air  Tare*  b*>»al  of  ATiatiaa  — Air-'-*:,. 

biaSftIjA  An,  Taa  . 

Ca— Aar.  VrlAkt  Air  Sara'.— t  Caetar , 
bttara—  An,  O^ih*,  0.  ATTi:  «a«: 

’  Ca— anA—,  Air  forec  Ca— rl  )—  AaaaarcA  Caot«  .  lii 
B— alia  fialA.  »nAfar«,  —a*.  ATT*:  CSSfr!-l‘ 


iVr-^SO  Ccm t—r,  Air  faro*  Spaelal  Waajima  Caetor,  Urtland 
An,  *.  — *. .  AT!*:  Ubjurr 

■3-  C. ■•<!!»— r,  lorry  ATS,  aorerr,  Colo.  A!T»,  Bajiartanait 
or  S'.jstlAl  lAanjxJo*  Traial  — 

33>''  CoaKWi><i~,-r .  UAFftli  iJreclal  Aeapaa*  Sq<jadnsi,  8mA" 
4u-T'j:-.*,  K*ahUsa:rA'i  f*S,  S.C. 

13}*;  **  ^5^  SAK.  ~;a'S.Tr»'.ict: ,  1"%  !  —it  Jiraat,  ?— !t»  saanloa, 
K'TK'i.  )*uci.'*r  btarfiy-  K!  rial  on 
153  Ca—»i.sd*r.  Stcetui  ..Itr  Fn--',;*  .  br— 1<<  ATS,  'uO.i*  !*.-;«  ■ 
Aft* :  0!«ar»*  i ao*  A.aalri : s  -C" i  c* 

136  Coa— a>A*r,  ii^bt.*;  A.£r  ;;r*:o.  istoTaj  AT®,  n»««  aTTS; 
0— rat  I  tea  A—ul^alc  r';?.* 

157  Ci'imaiiAif ,  flftaarth  i  -■  'fore*,  brer:  ATB  i.f. 

AT!*-  Oparattora  .Aa®.iys:r  rir* 

13*  C—maAar,  imavarc  Caraiop*,;.- .  jii.  ART!.-.  . ,  i»'.;  Sea  , 
FoalaemrA,  Calif.  Am  i/Vfol',  ,  st- .  A.  i.  fain 
l?9-iS}  fVciuilail  lsfonmil,<3D  9*mca  b  —  'o,'.,  Oaa  IHiA— . 

Tana  iSui'vLi*’; 

■T!*»  asAn—rss?'  .AS 


mi-.t.  HfceprTlfa..,**:.  ra,  .w  To.rl, 

.« .  -' . 


i*v  ...  roc  Itis  ,  SvetaiTT  lirk,... .  it-i"  ,;2» 

.’SlCf*  Sotirrj)!*. .  Taai'nif'.or  .'"  "  .  " 

-ii  A 'aaC  ;ier':-ir»;<  fill  ,oa ,  *r  ‘rlrfe?y  ;5oarfi  " /Cr. .  A:.  -  j.C  i 
?*’,  lTaT»l..,r  Fc>i..t.  Vaa.M rjfar.  S'*,  E.C. 

•  A.  Ciiiitai  —at ,  Ansrl  3'.a..';  Csj.ii*ia»  ,  Sor-rolj  lX, 

»a.  ATt)  ;l«.iittar» 

Ifr-  «  C<— r.  Htls  eod  f  rr-aaa  3|»-  ..  lal 

iA»a;,«sea  r*“o3“r'  K  Sob  311.^.,  Ai55tr:;'.»r',a» .  B.  Mae. 

‘  jaas*— IT.  ?i«iA  Cc— *,-3ii,  Ariad  rorv—  apseial 

Vjapom  Piajact  'liX,  AlSoWjeifjoa .  *  —a. 

Aim:  !Viii.a JtC.  ittldl..'  ;)r>)M5 
C<— irfar,  r.-sU  "oaueA..  A  foroa* 
bafeo*  rrojan;  ?.C.  Sii  310C,  AiiWB«*n'*a>  *'  *s®- 
ATTA.  i  i^atj  ■'V.af  of  Staif  f,  —asaBB  .tffmta  Taat 
iap-:?r  iSiiaf,  Ar—4  Vorra*  Spaci-tl  i«aas—  “rojaet,  aaaSitc',  - 
-'*.  O.C.  ATT*'  .Aseo— at»  ’-I'irtjy  Sraa.:.* 
l';3  srriaa  of  tka  b6!ifi.ioaJ  rirattor,  larottorat*  of  tf- 
.'acta  T— u,  fia’.i  C-iontaA,  ATSAff.  .»C  »ea 
Maaio  .ssrt:  ITTi:  >.  *.  I.  [toll 

1'Ja.v; '*  7a<..>'.Mmi  lafownivi.*  Jerrira  ,:^ae«ie*.  .Ink  81—*,  Ibso- 
i  Sur  f  ii;i  ) 

"fsbj?  xt*:seu5  Ai.fr3Cir.cj1® 

i-i<i  At— It,  Saar*?  C— Kl«a:ae.  rlaiia ; rswi  ?*fjaa4.aai 

UWar).  SjAii  CsasotSavtiar  A:ci .  .  ^AvsAiaatns  ?1,  S.C  , 
.tm;  ba ,  1.  M.  C'la»r7  Tsr  3*6, 

.'■A  .3'.'.  iga  Alaa—  tt  l—F.iflc  ;,aJ?«rat«rj  ,  b—rt  Llirarj. 

B—  'J*y  :  lot  Alma®  A .  — i  A?!* ;  bl—  fa——. 

Stolia  CoTi'-wfi.r  C'jaoaif  iaA  Coit-jo— t  SKTiiiae. 

SOnfui  baa,  AlSssdaaosisa,  *.  a—  if*:  S 
—Tti,  C  1  , 

.it'-i-C.'.  1  ti-v: rarr :  *  jf  a!  ::alif.orei*  nwiatis*  !a."-..TK',rar;' .  :v  fan 
•3C^,  '.Jranniw®,-  >lir  ifV  U-^i#  .  'rtki.* 

.’I.  bajw.  —ta  :3a<'tiaK,  Tac.^«!•■a.:  r-.r^ae?  t;  famo*  fa- 
'A«B»  i  ,  .:»A  A ;  'Age  ,  :\kw 

.  I*  -  -  —  ,.ai  ^«foren'.;«  »arr:,«  tB'.as.v*,iae .  ae  klA**.  Ttaa b 


4.1 


